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INTRODUCTION
Levofloxacin (LEV), L-isomer of ofloxacin (OFL), is a fluoroquinolone antibiotic that has an important role in treatment infectious diseases. Some infectious diseases such as chronic bacterial prostatitis, lower respiratory tract infections, urinary tract infections and H. pylori infection could be successfully cured by LEV [1] [2] [3] . The great potency of LEV encouraged several pharmaceutical industries to produce many brands of LEV. Moreover, Food and Drug Administration (FDA) was approved applications of 12 pharmaceutical industries to produce the first generic product of LEV [4] .
To produce a pharmaceutical product of LEV (i.e. tablet), a pharmaceutical industry must fulfill the bioequivalence requirement. A validated bioanalytical method for quantitative estimation of LEV in human plasma at a pharmacokinetic range approximately 1-20 µg/mL is necessary to conduct the bioequivalence study [5] . A number of analytical methods for quantifying LEV were developed such as highperformance liquid chromatography coupled with ultraviolet (HPLC-UV), fluorescent (HPLC-FL), and tandem mass spectrometry (HPLC-MS/MS) detector [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Most of these method used many kinds of additives as mobile phase component for improving peak shape and resolution i.e. triethylamine [7, [12] [13] [14] , bromide [11] , tetramethyl ammonium bromide [8] , butadiene styrene brominated ammonium [9] , tetrabutylammonium hydrogen sulfate [10] , and trifluoroacetic acid [6, 15] . The other method was developed under gradient elution using a formic acid 0.05% and methanol as mobile phase component [17] , but this method gives relatively long separation time (about 13 min). Use of additive for improving separation may have disadvantages including slow equilibrium time and reduce column lifetime [18] . In the other hand, gradient elution causes some potential problems such as tailing peak, early elution, late elution, and artifact peaks [18] . For these reasons, we developed HPLC-UV method that simple, rapid, and consuming no additives for determination LEV based on its physicochemical properties.
LEV is an amphoteric molecule ( Fig. 1 ) with pKa 1 and pKa 2 value of 6.22 and 7.81 respectively [19] , and a relatively polar compound with log P (o/w) 0.59 at the isoelectric point (pH 7.1) [20] . LEV has a chromophore system that can absorb UV radiation with a molar absorptivity (ε) of 3.1 × 10
at λ of 293.7 nm in HCl 0.1 N solution [21] . The molecular structure of LEV is almost same to CPR so they have similar chemical properties. CPR has pKa 1 and pKa 2 value of 6.42 and 8.29 respectively; log P (o/w) of 0.13 (pH 7.4), and ε of 9.0 × 10
at λ of 275 nm in aqueous solution [19] [20] 22] . The similarity in physicochemical properties makes LEV-CPR ratio remained constant throughout the sample preparation. Besides, LEV and SPR can be separated by HPLC-UV [6] , so CPR is suitable as an internal standard to correct errors during the analytical process.
The amine moieties in LEV and CPR can interact with silanol residues by electrostatic interaction at pH > 3 causing peak tailing and increasing retention time. This interaction can be minimized by adjusting mobile phase pH at 2-3 and using methanol as a proton-donor solvent to hold hydrogen bonding interaction with basic amine moiety. In addition, an aromatic moiety in LEV and CPR molecules can interact with acetonitrile by dipole-dipole interaction proportional to the dipole moment of each aromatic group [18] . So that, an optimum combination of water buffered at pH 3, proton-donor, and protonacceptor solvent (i.e. methanol and acetonitrile) in mobile phase can give optimum solvent strength and solvent-type selectivity to achieve a good chromatographic separation although there are no additives.
The goal of this invention was to develop an HPLC-UV method which rapid, simple (without additives) and validated for determination LEV in human plasma. The method is expected to be a reference method for bioequivalence studies in many laboratories. 
EXPERIMENTAL SECTION

Materials
Levofloxacin and ciprofloxacin (CPR) analytical grade were purchased from Sigma-Aldrich (Buchs, Switzerland).
Orthophosphoric acid, potassium dihydrogen phosphate, and glacial acetic acid analytical grade purchased from Merck (Darmstadt, Germany). Acetonitrile and methanol HPLC grade J.T. Baker ® were purchased from Avantor (Center Valley, USA). Aqua bidest were purchased from Otsuka (Malang, Indonesia). Human plasma was purchased from Indonesian Red Cross (Yogyakarta, Indonesia). 
Instrumentation
Procedure
Preparation of standard stock solution, calibration standard, and quality control samples A primary stock solution of LEV and CPR (1 mg/mL) were prepared by dissolving appropriate amounts of each drug in acetic acid then diluted by using mobile phase. Working standard solutions of LEV were prepared by diluting each primary standard solution in the mobile phase to a final concentration of 80, 60, 40, 20, 10, and 5 µg/mL. The internal standard (IS) solution was prepared by diluting a primary standard solution of CPR in the mobile phase to a final concentration of 20 µg/mL. Calibration standards were made by adding 50 µL of LEV working standard to 100 µL human plasma to obtain six concentration levels of calibration curve: 26.7, 20.0, 13.3, 6.7, 3.3 and 1.7 µg/mL. Quality control (QC) samples were prepared independently in the same matrix at low (QC 3 : 6.7 µg/mL), medium (QC 4 : 13.3 µg/mL), and high (QC 5 : 20.0 µg/mL) concentrations for the between-run study, whereas all levels concentration (QC 1 : 1.7 µg/mL, QC 2 : 3.3 µg/mL, QC 3 : 6.7 µg/mL, QC 4 : 13.3 µg/mL, QC 5 : 20.0 µg/mL, QC 6 : 26.7 µg/mL) in calibration curve were made for withinrun study.
Sample preparation
Each of 150 µL aliquot of human plasma was spiked with 50 µL of IS working solution (20 µg/mL). Then, 800 µL acetonitrile was added to precipitate plasma proteins. The mixture was vortex mixed for 1 min and centrifuged at 5,000 rpm for 10 min at 4°C. After a centrifugation step, 800 µL of supernatant was evaporated to dryness. The residue was reconstituted with 1,000 µL of mobile phase and vortex mixed for 1 min. Reconstituted sample filtered through millipore filter 0.45 µm and placed in autosampler vials for HPLC analysis.
Method validation
Method validation was performed according to the international guideline for bioanalytical method validation [23] [24] . The proposed method was validated with respect to selectivity, linearity, lower limit of quantification (LLOQ) and limit of detection (LOD), accuracy and precision, stability, and robustness. Selectivity. A calibration curve was constructed using six calibration standards at 1.7-26.7 µg/mL as mentioned above. A calibration curve was performed by a weighted square linear regression. Weighting factor yielding best fit of area ratios between LEV and IS versus concentration of LEV in human plasma was chosen for quantitative analysis [25] . Lower limit of quantification and limit of detection. LLOQ was defined as the lowest concentration on the calibration curve which can be measured with acceptable accuracy and precision. Accuracy was expressed as a percentage of deviation or error from nominal concentration (%-error), whereas precision was expressed as relative standard deviation (RSD). Both of them should be within ± 20%. LLOQ was evaluated by analyzing spiked plasma samples at the lowest concentration in five replicates (n = 5). Estimation of LOD was based on the signal to noise ratio (S/N) and RSD approach. The lowest concentration which had S/N and RSD (from six replicate injections) between 2 to 3 and exceeds 17% respectively was considered as LOD [18] . Accuracy and precision. Within-run accuracy and precision were assessed by analyzing six independent QC samples (QC 1 -QC 6 ) at the same day, whereas between-run accuracy and precision were assessed by analyzing three QC samples (QC 3 -QC 5 ) at different days. The error value and RSD should be within ± 15%. Stability. Stability of analyte was evaluated by comparing area ratios between freshly prepared QC samples (QC 3 and QC 5 ) and QC samples after being treated to the conditions for stability assessment. The conditions for stability study was agreed with sample storage and handling. Short-term stability was assessed at 25 ± 2°C for 4 h, post-preparative stability was assessed at 25 ± 2°C for 24 h. Freeze and thaw stability test for analyte in human plasma was performed at three cycles. The sample was frozen at -20 ± 2°C for 24 h and thawed unassisted at 25 ± 2°C until three cycles. Stability of analyte and IS in stock solutions were evaluated at a storage temperature of 4 ± 2°C for 7 days. Analyte considered stable in those storage conditions if stability/freshly prepared samples ratio (%-remaining) between 85-115%. Robustness. The robustness study was conducted to evaluate influence small changes in HPLC conditions to analytical results. These conditions included operational wavelength (± 2 nm), flow rate (± 0.1 mL/min), mobile phase proportion (± 2% and ± 1% for aqueous and organic components respectively), pH of buffer (± 0.1 unit). The robustness study was performed by analyzing independent QC samples with a concentration of 13.3 µg/mL, then evaluation of accuracy, precision, and resolution was done. Mean recovery of LEV also statistically evaluated by independent t-test.
RESULT AND DISCUSSION
Method Development
The method development of LEV in our research was done to find an HPLC method which more rapid and simple in sample preparation and chromatographic separation. The optimization of mobile phase and flow rate were performed. The optimum composition was found in a mixture comprised of 13:7:80 v/v/v acetonitrile, methanol, and 25 mM phosphate buffer pH 3.0 pumped at a flow rate of 1.5 mL/min. A problem of separation between LEV, CPR, and endogenous compounds could be resolved with acceptable resolution and peak shapes in short times or less than 10 min (Fig. 2) . Based on this data, a good peak shape and separation of LEV and CPR could be achieved using a combination of proton-and acceptor-proton solvent with water buffered at pH of 3.0 on the C18 column without any additive such triethylamine, tetrabutylammonium bromide, and tetramethyl ammonium bromide.
Method Validation
System suitability test
System suitability test was performed before validation step for ensuring that the instrument was in a good performance. Based on this study, we found that all HPLC parameters were meet the FDA requirement (Table 1) . Resolution between LEV and CPR was found at 3.00 and tailing factor LEV and CPR was 1.20 and 1.17 respectively. In addition, separation time between LEV and CPR less than 10 min. Based on this data, the developed method was proved to give a good performance.
Selectivity
A good separation between LEV, CPR, and endogenous compounds was performed by HPLC system as shown in Fig. 2 . There were no significant interferences between endogenous compounds and LEV or CPR by assessing chromatogram of blank samples (Fig. 2C) obtained from drug-free plasma at retention time about 6-7 min where the peak of LEV and CPR appear. Besides that, the resolution between LEV and CPR was 3.00. For this reason, the method was said to be selective. 
Linearity
A calibration curve was generated by weightedsquares linear regression using a weighting factor as the same way as published before [25] . The regression equation that has r value > 0.99 and minimum S y/x (standard deviation of y-residual) value was chosen as the best equation. So that, the calibration curve using a weighting factor of 1/x 2 was chosen for quantitative analysis (y = 0.078x − 0.084). The error value of the best calibration curve was not more than 15% at all level concentration. Therefore, the calibration curve with weighting factor 1/x 2 was proven to be linear over the concentration range of 1.8-28.3 µg/mL. According to FDA guideline [23] , 28.3 µg/mL was ULOQ value of this method.
Sensitivity
The sensitivity of the method was assessed by determining the lower limit of quantification (LLOQ) and limit of detection (LOD). LLOQ was investigated by analyzing serial low concentration samples of LEV. At a concentration level of 1.8 µg/mL, the limit of error value (i.e. 20% for LLOQ) was nearly exceeded. Therefore, the LLOQ of the method was established at this point. In the other hand, the lowest concentration level that still had S/N value about 2-3 was found at a concentration of 0.6 µg/mL and six replicate injection of this point had an RSD value of 18.8%. According to these approaches, the concentration of 0.6 µg/mL was concluded as LOD.
Accuracy and precision
The accuracy of the developed method was represented by the percentage of analytical errors or deviation between the calculated value and nominal value. The analytical errors of LEV at all level concentrations both single run and between run were calculated and none of them, except for LLOQ, was not exceed 15% (Table 2) . Similar with accuracy, the precision of the proposed method was shown good results. All of the calculated RSD were met to the FDA's acceptance criteria [23] .
Stability
Short-term and post-preparative stability tests were conducted. However, long-term stability cannot be conducted in this experiment, because of the limitation of experiment time. Long-term stability should be conducted minimal in 6 months until one year. The result of the short-term and post-preparative test showed that LEV was stable at those storage conditions. Conversely, freeze and thaw stability test showed that LEV in low concentration was not stable at this storage condition (Table 3 ). In the other hand, the stability of LEV and CPR in stock solution were evaluated, and both of them showed a good stability until 7 th days (Table 4) .
Robustness
In the previous analytical methods [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , robustness study was not performed. However, in this method, robustness study was conducted to evaluate whether deliberate small changes in HPLC system could or couldn't influence analytical results. Robustness study was performed and showed good results. Any small changes in operational wavelength, flow rate, the composition of mobile phase, and pH showed acceptable HPLC parameters including tailing factor, theoretical plate, and column capacity (data not shown). The increase in retention time happened while the percentage of buffer was added. Although retention time increase, it still less than 10 min so that separation time still appropriate with the purpose of method development as mentioned before. Changes of wavelength were resulting different analytical result compared with the optimum condition, but accuracy and precision of those analytical results have still met the requirement (Table 5) . Therefore, according to the robustness study, the developed method was considered robust.
Comparison with the Other Methods and Application of Method
In this paper, we showed a comparison of validation parameters between the proposed method and previously published methods (Table 6 ). According to these data, the proposed method was not very accurate and sensitive, but it was able to produce a good linearity and precision compared with the other methods. Selectivity and robustness of proposed method in this paper cannot be compared with other methods because there are no data about chromatographic resolution and robustness study published in previous papers. In this paper, we provide more evidence about validation study of proposed method especially robustness study.
Application of this proposed method has been conducted for levofloxacin analysis in plasma from the healthy subject after giving levofloxacin generic tablet obtained from the market. Levofloxacin peak appeared at 6.30 min and there is no overlapping between matrix signal and levofloxacin signal (Fig. 3) . Sampling time was conducted at 10, 20, 30, 45 min and continued at 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16 and 24 h after giving an oral tablet. Procedure sampling was done in according to Ethical Clearance (KE/FK/483/EC) from Ethics Commission, Faculty of Medicine, Universitas Gadjah Mada. After plotting plasma concentration data versus sampling time, we got the illustration of the pharmacokinetic profile (Fig. 4) . Based on these data, it can be concluded that proposed method can be used in routine analysis such as in bioequivalence test of levofloxacin.
CONCLUSION
A new, rapid, and simple RP-HPLC were optimized and validated according to FDA guideline in term of selectivity, linearity, LLOQ, accuracy, precision, stability, and robustness. A good separation between analyte, internal standard, endogenous compounds and no significant interferences were observed. The developed method showed a good linear relationship between LEV concentration versus area ratio between LEV and CPR at ranges from 1.8-28.3 µg/mL. The correlation coefficient was 0.995 and the errors of calibration curve at each concentration was not greater than 15%. The within and between run accuracy and precision were good and met the requirement for quantitative analysis and fit for the purpose (i.e. bioequivalence study in human). In general, the developed method can be applied for routine analysis such as for bioequivalence study.
